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REMARKS 

Applicant's attorney wishes to express his appreciation to the Examiner for her 
courtesy and helpful comments during a telephone interview on September 15, 2004. 

Applicant had previously petitioned under 37 C.F.R. §1.1 37(b) to revive the present 
application. In the subject Decision the Examiner noted that the Petition must be denied 
because one of the documents required to be submitted with the Petition had not been 
submitted. The document in question was the "required reply" which in this case was a 
substitute specification. 

The substitute specification, including the claims and abstract, but not including any 
drawings, is enclosed herewith. This substitute specification is the same in all respects as 
the original specification submitted, except that as required in the Decision it has been 
written and printed cleanly in an ink and on a paper fully in compliance with 37 C.F.R. 
§§ 1.52, 1.121(b)(3) and 1.125. Minor typographical errors noted during production of the 
substitute specification have also been corrected. No new matter has been added nor has 
the scope of the claimed invention been changed. 

A marked up copy of the substitute specification is also enclosed, as required by 37 
C.F.R. § 1.125(c). 

In view of the above remarks and the submission of the two copies of the substitute 
specification it is respectfully submitted that all documents required for granting of the 
Petition to Revive have been provided, and GRANTING of the Petition at the Examiner's 
early convenience is therefore respectfully requested. 

FEES 

It is not believed that any fees are due with respect to this response to the Decision.. 
However, should any such fees be due, the Patent and Trademark Office is authorized to 
charge all such fees to Deposit Account No. 50-1 990. 

CONCLUSION 

All requirements related to the Petition to Revive now having been complied with, it 
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is submitted that the Petition is not in condition for granting, and such GRANT of the 
Petition is respectfully requested. 

Should the Examiner believe that prosecution of this Petition and application might 
be expedited by further discussion of the issues, a telephone call to the undersigned 
attorney, collect, at the telephone number listed below, is cordially invited. 



Respectfully submitted, 



Date: September 20, 2004 



By: 



James W. McClain, Reg. No. 24,536 
Attorney/for Applicant 




GORDON & REES LLP 

101 W. Broadway, Suite 1600 

San Diego, California 92101 



Telephone: (619) 230-7454 
Facsimile: (619) 230-7124 
email: imcclain@bmhm.com 
Docket No.: BDIST 1030675 
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Substitute specification marked up per 37 C.F.R. § 1.125(c) 

ROTARY DISC PUMP 

BACKGROUND OF THE INVENTION 

-ftj^ The present invention relates generally to fluid pumps and pertains particularly to an 
improved rotary disc pump. 

Rotary disc pumps have been generally known for a considerable length of time but little 
used until recent years. The rotary disc pump utilizes an impeller having a plurality of generally 
planar discs having an open center mounted on and spaced axially along a rotary shaft. The rotating 
discs utilize surface drag or boundary layer friction of the planar surfaces of the discs to propel a 
fluid through the pump. In the past such disc pumps have been unable to compete effectively with 
positive displacement pumps and bladed impeller pumps for the pumping of fluids for most 
applications. 

The applicant has in recent years, developed improvements in disc pumps that made them 
commercially practical for the pumping of a wide variety of liquids and materials in liquids 
including slurries and the like. As a result of these improvements, rotary disc pumps have come into 
wid e spr e ad widespread use in many applications where traditional positive displacement pumps 
and bladed impeller pumps are not practical. While disc pumps will not replace positive 
displacement pumps and bladed impeller pumps in most applications, they have begun to replace 
them in many applications where such positive displacement and bladed impeller pumps [s] are 
unsuitable. 

The suitable applications for disc pumps include highly viscous materials[,] and fluids 
containing solids, both hard and delicate. These applications occur particularly in the food and 
pharmaceutical industries, where there are many delicate and fragile shear and impact sensitive 



materials that can be easily damaged with positive displacement pumps and bladed impeller pumps. 
For this reason these materials cannot be satisfactorily pumped or transported with these pumps. 
The moving blade of impeller pumps can impact and bruise or otherwise cause damage to delicate 
and fragile materials. 

The disc pump has begun to be widely used in the food processing and pharmaceutical 
industries for many applications including the pumping of liquids. In the pumping of many liquids, 
particularly in these industries^ it is important that the inclusion of gas or air in the liquid be 
minimized. The present invention has been discovered to greatly reduce and in many instances 
eliminate generation or inclusion of air bubbles and the like in such liquids. 

Accordingly there is a need for an improved pump for the pumping of delicate shear and 
impact sensitive materials that reduces entrapped air and gasses. 

It is therefore desirable to have an improved pump for handling of delicate and other 
difficult to pump materials. 

SUMMARY OF THE INVENTION 

It is therefore a primary object of the present invention to provide an improved pump for 
pumping of delicate, sensitive and flow resistant materials. 

It is another object of the present invention to provide an improved pump for pumping of 
delicate and sensitive liquids with minimum entrapped air and gasses. 

In accordance with a primary aspect of the present invention, a rotary disc fluid pump for 
pumping fluid materials, comprises a housing having a front and a back wall forming a chamber 
with a generally coaxial inlet in the front wall and a generally tangential outlet, an impeller mounted 
co-axially within the chamber and comprising a shaft mounted in the back wall of said housing and 



having an outer end extending from the housing and an inner end within the chamber, at least a first 
circular disc mounted on the inner end of the shaft, at least a second disc mounted in axially spaced 
relation to the first disc and having an opening in the center thereof, and a converging member 
extending coaxially of the shaft from the first disc converging toward a point least one half the 
distance to the inlet. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects and advantages of the present invention will become apparent 
from the following description when read in conjunction with the accompanying drawings wherein: 

Fig, 1 is a side elevation view partially in section of an exemplary first embodiment of the 
present invention; 

Fig. 2 is a view like Fig. 1 of an alternate embodiment of the present invention; 

Fig. 3 is a side elevation view partially in section of an alternate embodiment of the disc 

pack; 

Fig. 4 is a view like Fig. 3 of [an] another embodiment of the present invention; 
Fig. 5 is a view like Fig. 3 of a further embodiment of the present invention; 
Fig, 6 is a view like Fig. 3 of still another embodiment of the present invention; 
Fig. 7 is a front elevation of an exemplary alternate embodiment of a disc for a disc pack of 
the present invention; 

Fig. 8 is a side elevation view of the disc of Fig. 7; and 

Fig. 9 is a perspective view a still further embodiment of the present invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention is directed to an improved rotary disc pump having a disc impeller. 
The impeller is made up of a disc pack mounted on the shaft and [act] acting as an impeller for 
drawing fluid in through the openings in the outer discs and propelling it outward, thereby creating 
5 flowing of the fluid through the housing. Each impeller comprises at least a pair of spaced apart 
rotary discs, one of which has a central generally unobstructed aperture th e re through therethrough 
for drawing fluid in and the other of which is devoid of an aperture and is connected directly to the 
shaft. The discs can be planar with planar relatively smooth surfaces or may have small radial vanes 
or ribs on the opposed planar surfaces as will be discussed. The openings in the discs may be the 

10 . same diameter so that a different size opening is provided in co-operation with a converging or 
diverging member extending co-axially of the rotor. [.] Alternatively, the openings may increase 
with increase in diameter of the converging member to present substantially equal radial openings 
in co-operation with the diverging member . 

Referring to Fig. 1, an exemplary embodiment of a disc pump in accordance with one 

15 embodiment of the invention is illustrated and designated generally by the numeral 10. The 
apparatus, in accordance with the invention, comprises a rotary disc fluid pump which comprises a 
main housing 12 having an inner or back side wall 14 and an outer or front side wall 16 joined by a 
peripheral wall 18 forming a generally cylindrical chamber. An inlet 20 is formed co-axially of the 
chamber in the outer wall and an outlet 22 is tangential of the peripheral wall 18. An elongated 

20 rotary shaft 24 is rotatably mounted in a suitable bearing 26 co-axially in the inner side wall and 
includes an impeller designated generally at 28 mounted thereon. 



4 



The impeller as shown comprises a inner planar circular disc 30 on the inner end of shaft 24 
with second disc 32 and a third or outer disc 34. The discs 32 and 34 have openings 36 and 38 
defined by inner circular diameters. The second disc is connected by a plurality of pins or studs 40 
to the inner disc, and the outer disc is connected by pins or studs 42 to the second disc. The 
impeller may be made up of any number of discs from one to several dozen. The discs may also 
have any desired spacing depending on the material to be pumped. A converging member 44 
having a generally conical configuration is secured or formed centrally of the drive disc 30 and 
extends co-axially of the chamber through the openings in discs 32 and 34. This converging 
member extends at least to the center of the housing toward the inlet and preferably at least to the 
outermost disc and in some instances to the inlet of the housing. It will be appreciated that while 
this member converges toward the inlet, it diverges toward the outlet or at least the main disc of the 
impeller. This diverging aids in the generating of a smooth non-turbulent flow through the pump 
avoiding or reducing the generation of cavitation and air or gas bubbles. 

Referring to Fig. 2, an alternate embodiment is illustrated wherein like numbers identify the 
same elements. In this embodiment the impeller designated generally at 50 comprises a main disc 
52 on the inner end of a shaft 54 with pair of discs 56 and 58 having central openings and connected 
to disc 52 by a plurality of pins 60. A generally conical converging member 64 is formed or 
connected to main disc 52 and extends co-axially of the housing and discs and converges or tapers 
down toward the inlet. The member 64 extends beyond the outer surface of the outer disc 58 and 
terminates as shown in a substantially blunt end 66. The end 66 may also be rounded or 
semispherical in configuration. The openings in the discs 56 and 58 are shown to have substantially 
the same diameter. 



Illustrated in Fig. 3[,] is another embodiment of a rotor designated generally by the numeral 
70 which rotor is substantially like rotor 28 of Fig. 1 with a minor modification. In this 
embodiment the impeller designated generally at 70 comprises a main disc 72 on the inner end of a 
shaft 74 with a pair of axially spaced discs 76 and 78 having central openings and connected to or 
supported from disc 72 by a plurality of pins 80 and 82. The pins 80 and 82 are preferably 
positioned at the inner diameter of the central opening of the discs. A generally conical converging 
member 84 is formed or connected to main disc 72 and extends co-axially of the housing and discs 
toward the inlet. The member 84 extends slightly beyond the outer surface of the outer disc 78 and 
terminates in a substantially pointed end 84. A helical auger lik e auger-like fin 86 extends along the 
outer surface of the member 84 from the tip 88 to the main disc 72. This auger structure aids in the 
pulling of certain materials into the center of the impeller. 

As shown in Fig. 4, a further embodiment, of a rotor is illustrated and designated generally 
by the numeral 90 which rotor is substantially like rotor 64 of Fig= 2 with a minor modification. In 
this embodiment the impeller designated generally at 90 comprises a main disc 92 on the inner end 
of a shaft 94 with pair of discs 96 and 98 having central openings and connected to disc 92 by pins 
100 and 102. A generally conical converging member 104 is formed or connected to main disc 92 
and extends co-axially of the housing and discs. The member 104 extends slightly beyond the outer 
surface of the outer disc 98 and terminates in a substantially blunt end 106. A helical auger-like fin 
108 extends along the outer surface of the member 104 from the tip 106 to the main disc 92. This 
auger structure aids in the pulling of certain materials into the center of the impeller. 

Referring to Fig. 5, a still further embodiment is illustrated wherein the impeller designated 
generally at 110 comprises a main disc 112 on the inner end of a shaft 114 with pair of discs 116 



and 118 having central openings 120 and 122. The central openings of the discs are shown to vary 
in diameter with a converging member 124. The discs 1 16 and 1 18 are connected to main disc 1 12 
by a plurality of pins 126 and 128 at the edge of the central openings. A generally conical 
converging member 124 is formed or connected to main disc 112 and extends co-axially of the 
housing and discs as in prior embodiments. The inner diameter of the discs forming the central 
openings vary to provide a constant spacing between the disc inner diameter and the outer surface 
of the converging member 124. This allows solids of a selected diameter to pass through the pump. 
For example, a spacing of two inches allows articles of two inch diameter to pass through the pump. 

Fig. 6 illustrates a still further embodiment wherein the main disc of the impeller illustrated 
and designated generally at 130 comprises a main disc 132 on the inner end of a shaft 134 with a 
converging member 135 extending co-axially outward as in prior embodiments. The impeller may 
have any number of additional discs as shown. The generally conical converging member 134 is 
formed or connected to main disc 132 and extends co-axially of the housing and other discs as in 
previous embodiments. The outer surface of the converging member 136 is formed somewhat 
concave which gives a smoother transition to the surfaces of the discs. This member reduces any 
tendency the impeller may have for cavitation and to induce air bubbles in the fluid being pumped. 

Figs. 7 and 8 illustrates a modification of the surfaces of the discs of the impeller. A typical 
disc 136 is illustrated with radial ribs 138, 140, 142 and 144 which extend radially outward from an 
opening 146 in the center of the disc. These ribs may be on one or both faces of the disc. Th e y 
They may also be straight as shown or curved and aid in increasing the head or pressure of the 
pump without impacting the material being pumped in most cases. The disc is also formed with 
pins 148 and 150 connecting it to adjacent discs, (not shown). 



An additional embodiment of the invention is illustrated in Fig. 9 wherein an impeller 
designated generally at 152 is substantially like rotor 64 of Fig. 2 with a minor modification. In this 
embodiment the impeller comprises a main disc 154 on the inner end of a shaft (not shown) with a 
pair of discs 156 and 158 having central openings and connected to disc 154 by pins (not shown). 
5 The discs 156 and 158 have an inner diameter 160 and 162 forming central openings as in prior 
embodiments. A generally conical converging member 164 is formed or connected to the main disc 
and extends co-axially of the housing and discs. The member 164 extends slightly beyond the outer 
surface of the outer disc 158 and terminates in a substantially blunt end 166. A plurality of radially 
extending curved blades 168, 170 and 172 are mounted on the outer surface of the converging 

10 member within the central openings of the discs. These aid in directing certain materials outward 
between the discs during operation. 

The discs of the various impellers are preferably connected or secured to and supported by 
the main disc by means of pins at the inner diameter of the openings of the discs. This positioning 
allows solid particles and articles to pass through the pump with minimal impact with the pins. 

15 These pins may be separate pins or formed integral with the disc pack assembly and are preferably 
at the innermost diameter of the disc to minimize impact on materials moving through the aperture 
and space between the discs. The opposing faces of the discs act on the fluid imposing a shear force 
or drag to propel it radially outward from between the discs. 

A preferred way of forming a disc pack assembly, particularly for delicate and fragile 

20 solutions or mixtures, is to machine the entire assembly from a casting or from a blank or billet so 
that the entire unit is a unitary integral unit. This eliminates cracks and joints in the assembly and 
the problems of interference with flow of particles and the like caused by the sharp edges of bolts, 



screws and the like. In an alternate form of the disc pack outwardly spiraling ridges may be formed 
on the opposing faces of the disc to increase the propelling effect of the disc. The ridge can be 
almost any height but in most cases is preferably on the order of about one to about two times the 
thickness of the disc. 

5 The discs normally propel the fluid by surface friction of the planar faces thereby applying a 

centrifugal force to the fluid forcing it outward from the space between the discs. This has an effect 
of propelling the fluid radially outward from between the dise discs creating a central void which 
draws fluid from the vessel into the space between the discs, and continuing to propel the fluid 
outward. 

10 While I have illustrated and described my invention by means of specific embodiments, it is 

to be understood that numerous changes and modifications may be made therein without departing 
from the spirit and scope of the invention, as defined in the appended claims. 
I CLAIM: 
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CLAIMS 

1 . A rotary disc pump for pumping fluid materials, comprising: 
2 a housing having a front and a back wall forming a chamber with a generally coaxial inlet in 

said front wall and a generally tangential outlet; 
4 an impeller mounted co-axially within said chamber and comprising a shaft mounted in said 

back wall of said housing and having an outer end extending from said housing and an inner end 
6 within said chamber, at least a first circular disc mounted on the inner end of said shaft, and at least 
a second disc mounted in axially spaced relation to said first disc and having an opening in the 
8 center thereof; and 

a converging member extending co-axially of said shaft from said first disc converging 
1 0 toward a point at least one half the distance to said second disc. 

2. A rotary disc fluid pump according to claim 1, wherein said converging member has 
2 a conical surface and extends at least to an inner surface of said second disc. 

3. A rotary disc fluid pump according to claim 1, wherein said conical member extends 
2 beyond said second disc. 

4. A rotary disc fluid pump according to claim 3, wherein said wh e r e in said conical 
2 member extends beyond said second disc to at least a third disc. 

10 



5. A rotary disc fluid pump according to claim 3, wherein said conical member is a 
frustum of a cone. 

6. A rotary disc fluid pump according to claim 3, wherein said conical member is 
formed with a helical fin on an outer surface thereof. 

7. A rotary disc fluid pump according to claim 1 wherein said conical member is a 
frustum of a cone. 

8. A rotary disc fluid pump according to claim 7 wherein said conical member is 
formed with a helical fin on an outer surface thereof. 

9. A rotary disc fluid pump according to claim 1, wherein said conical member is 
formed with a helical fin on an outer surface thereof. 

10. A rotary disc fluid pump according to claim 1, wherein said converging member has 
a generally concave surface and extends at least to an inner surface of said second disc. 

11. A rotary disc fluid pump according to claim 1, wherein said converging member has 
a generally convex surface and extends at least to an inner surface of said second disc. 
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12. A rotary disc pump for pumping fluid materials, comprising: 

a housing having a chamber defined by an inner and an outer side wall joined by a generally 
circular peripheral wall with a generally coaxial inlet in said outer wall and a generally tangential 
outlet circular peripheral wall: 

an impeller mounted co-axially within said chamber and comprising a shaft mounted in said 
inner wall of said housing and having an outer end extending from said housing and an inner end 
within said chamber, at least a first circular disc mounted on the inner end of said shaft, and at least 
a second disc mounted to said first disc in axially spaced relation to said first disc and having a 
circular opening in the center thereof; and 

a conical member having a base at said first disc and extending co-axially of said shaft from 
said first disc at least half the distance to said second disc. 

13. A rotary disc fluid pump according to claim 12, wherein said conical member 
extends at least to an inner surface of said second disc. 

14. A rotary disc fluid pump according to claim 12, wherein said conical member 
extends at least to an outer surface of said second disc. 

15. An rotary disc fluid pump according to claim 12 wherein said rotor has an outer disc 
and said conical member extends at least to an inner surface of said outer disc. 



12 



16. An apparatus according to claim 15 wherein said conical member extends at least to 
an outer surface of said outer disc. 

17. An apparatus according to claim 16 wherein said conical member extends beyond an 
outer surface of said outer disc. 

18. A rotary disc fluid pump according to claim 16, wherein said conical member is 
formed with a helical fin on an outer surface thereof. 

19. A rotary disc fluid pump according to claim 12, wherein said conical member is 
formed with a helical fin on an outer surface thereof. 

20. An apparatus according to claim 19 wherein said conical member is a frustum of a 

cone. 

21. An apparatus according to claim 12 wherein said conical member is a frustum of a 

cone. 

22. A rotary disc fluid pump according to claim 12, wherein said conical member is 
formed with a plurality of radial blades on an outer surface thereof. 
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ROTARY DISC PUMP 
ABSTRACT OF THE DISCLOSURE 

A rotary disc pump for pumping fluid materials, comprises a housing having a front and a 
back wall forming a chamber with a generally coaxial inlet in the front wall and a generally 
tangential outlet, an impeller is mounted co-axially within the chamber and comprises a shaft 
mounted in the back wall of said housing and having an outer end extending from the housing and 
an inner end within the chamber, at least a first circular which is disc mounted on the inner end of 
the shaft, and at least a second disc which is mounted in axially spaced relation to the first disc and 
has an opening in the center thereof, and a conical member which extends co-axially of the shaft 
from the first disc toward the second disc. 
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